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Abstract
In this article, we propose an idea generation support system for scarce knowledge people. In brainstorming carried out in less
knowledge people such as college students, sometimes they cannot generate a diversity of idea because of the lack of experience
or bias in knowledge. The proposed system provides hint words associated with a theme so that the hint words encourage idea
generation. The system previously collects web texts related to the theme and classifies words into some clusters based on the
degree of word co-occurrence so that the system makes hint database. The system provide hints based on the hint database by
request from users. We had implemented this system and had performed one experiment for the theme “seeking employment
(prospects)”. From the result of the experiment, it is cleared that the number of idea increased and the proposed system may
promote a variety of ideas. In this paper, we show a part of the result of a experiment using other hint database “Ideal marriage
partner” and comparison the questionnaire results.
c© 2015 The Authors. Published by Elsevier B.V.
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1. Introduction
Occasions for generating creative ideas is increasing not only in business-oriented product development and re-
search activities, but also in student life, such as in setting the theme for a research topic or in drafting the plan for
lecture assignments, and so on. Guilford suggested six traits of creativity including in fluency, flexibility, and origi-
nality1. Fluency is determined by examining the sum total of the ideas, and flexibility by the scope of ideas or their
wide perspective. Originality is a measure of the ingenuity of ideas. In order to gain new ideas through the conver-
gent thinking process, it is important to widen thinking as much as possible by the divergent thinking process and
acquire exceptional information and knowledge. Therefore, there is a need for supporting flexibility and originality,
in addition to fluency, in the divergent thinking process.
Using a large number of digital texts associated with the theme for selecting words with a high degree of co-
occurrence with those words included in the ideas presented by users, and presenting them as hints, is being proposed
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as a method for giving external clues to enhance fluency and flexibility2,3. Experiments show that these method can
improve the quantity and quality of ideas. On the other hand, the study performed to examine the eﬀect of a group
on brainstorming shows that, when thinking as a group, people tend to think in a stereotypical manner when ideas are
presented by others, and pursue the same thought longer than when thinking individually4. Therefore, this method is
likely to generate ideas that are closely related to the users’ most recent ideas, and it might become diﬃcult to produce
creativity in other categories. However, it is also clear that merely providing a variety of information is not suﬃcient
for enhancing the quality of ideas, and that the amount of knowledge about the theme also matters.
We have developed an idea generation support system that presents as hints, those words based on the text informa-
tion associated with the theme that evokes the ideas, and which have been collected in advance from the web and are
of relatively low relevance to the input idea5. In that paper, we focus on brainstorming and aim to improve flexibility
by stimulating new associations so that divergent ideas are presented.
In this article, we setup a new hint database according to the new theme that was diﬀerent one in a previous
work and we compare the results. The quality of ideas is said to improve in proportion to the number of ideas in
brainstorming, and many ideas need to be generated. However, in the brainstorming performed solely with people who
have scarce knowledge, divergent ideas may not be presented. Our system supports the brainstorming by presenting
hint words so that the system improves idea’s flexibility by stimulating new associations.
This paper is organized as follows: in section 2, we will describe the problems about existing systems to support
idea generation by presenting hints. In section 3, we explain how our system develop a hint database and determine
hint words. We will show the experimental result in section 4. Finally, we will discuss some conclusions and our
future steps in section 5.
2. Related research
In this chapter, we describe the existing research on the system that supports an idea by providing certain types of
clues to the user according to the user’s input.
To facilitate idea generation, in addition to the internal clues, such as terms or interests, on which the individual
focuses, it is important to widen the range of available knowledge through the external clues provided by others and
systems2,3,6,7. Examination of the method for presenting ideas generated by other people as external clues shows that
presenting a variety of ideas allow the generation of even more diverse ideas. Sugiyama et al. 3 proposed a system
that supports the concept of divergence stage by presenting high relevant keywords using the association dictionary
based on texts information classified into predetermined categories. On the other hand, whereas idea generation in the
category to which a shown idea belongs is accelerated, it has also been indicated that generation in other categories is
less likely to occur. Therefore, merely providing a variety of information is not suﬃcient to increase flexibility.
Wang et al. developed the idea support system Idea Expander6, which presents to the user a dynamically obtained
image from the web based on the conversations in the brainstorming. Assuming that the situation when thinking
converges as brainstorming progresses, and scarcely any new ideas emerge, the eﬀect of visual stimulation on an
idea by presenting an image was demonstrated. In this system, the image strongly related to the most recent idea is
presented as a hint. It has been stated that it is possible to increase the number of ideas through this method.
Wang et al. also mentioned the manner in which the image is presented in Idea Expander7. When a randomly
selected image is presented to users without considering the relationship with ideas already presented, the eﬀect of
supporting brainstorming is not obtained. Therefore, the hint that does not consider the relationship between pre-
existing ideas cannot be said to be useful in idea support.
In order to overcome these problems, in the present study, we propose a system in which the texts related to the
theme are collected in advance and a hint database is created by calculating the co-occurrence of words in these texts;
furthermore, words with low co-occurrence are presented as hints that correspond to the words in the idea entered by
users.
Nishimoto et al. 2 build a user’s thought space based on the occurrence frequency and co-occurrence relation be-
tween nouns extracted from the text. Their proposed system presents keywords that the strength of the association
degree is diﬀerent based on the words included in the input sentence. In contrast, our system uses not an associa-
tion dictionary but a hint database that is result applied a hierarchical cluster analysis to pre-collected texts from the
web, especially for strong related text information on the theme of idea generation. The information domain used
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Fig. 1. The proposed system.
when creating the hint database is used exhaustively in order to present various keyword categories based on word
co-occurrence, thus providing opportunities for new associations.
3. Construction of an idea generation support system presenting words with low co-occurrence
3.1. System structure
The idea generation support system for users with slight knowledge and idea experience mentioned in this study
aims to promote the association of ideas by presenting hints considering association strength with pre-existing ideas.
In contrast to the existing research, the proposed system chooses a low degree of association word with the idea that
a user enter, from the document data posted by many people that are relevant to the theme. In this way, the system
adopts a mechanism that a word whose co-occurrence degree is not high is presented while there is a certain relevance.
Our goal is improvement of fluency and flexibility.
The main functions are same as the already proposed system by authors. When the output of ideas begins to
stagnate, a word related to the theme is presented. Unlike earlier studies, there is a certain amount of association here
in the sense that a word with a low association degree to the idea input by a user is selected from the text data related to
a theme to which many people have contributed, and we introduce a mechanism for presenting a word whose degree
of co-occurrence is not high.
Fig.1 shows the system’s structure. The present system assumes that the users, who are participants in brainstorm-
ing, are more than one, and at least one person inputs the idea presented by a participant on a computer on which the
proposed system is activated. This computer becomes the client.
Fig.2 shows the idea posting screen. An input form is located at the top of the screen. When the submit button
is pressed after entering the idea into a text box, the idea is divided into words by MeCab8. MeCab is the Japanese
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language morphological analyzer. These words are matched with the words in the hint database created in advance by
collecting from the web the text data related to the theme that evokes the ideas.
After dividing the text data into words through morphological analysis, a combination of the words that appear in
one sentence is extracted and the combination of words with strong association is deduced. As a result, the words that
appear often in a single sentence are classified into the same cluster. MySQL is used to create and operate the hint
database, which is created before starting brainstorming, and is kept running on the server.
When the user clicks the present hint button in Fig.2, the client system places a request on the server for such hint.
The server searches the hint database and selects the words from the cluster with the lowest degree of co-occurrence
with respect to the words included in the idea entered by the user, and presents them as hints. The hint presenting
screen is shown in Fig.3. This screen presents three kinds of hints 1.
1 The hint words in this figure are translated into English from Japanese.
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3.2. Hint database using web texts and applying cluster analysis
We describe how to create the hint database. First, the text information of the web page associated with the theme
is previously collected and saved in text format. These texts are manually garnered from online bulletin boards or
Q & A site associated with the theme. For the theme “seeking employment (prospects)”, the hint database was built
based on the reports of prospective employees posted to the job assistance site managed by the job assistance center in
the authors’ college. For the theme “Ideal marriage partner”, we collected online texts from marriage hunting support
site.
KH Coder 2 is used in the analysis of the collected text information. Only nouns are analyzed by this technique.
The text information used in this paper consists of the responses to a questionnaire regarding “Ideal marriage partner”,
and hence includes coined words and colloquial expressions. Abbreviating “communication ability” into “commu-
bility”, or “Kekkon-katsudo(marriage hunting)” into “kon-katsu” are examples of such terms. All these are treated as
the same word. These analysis is completed in a few seconds.
In previous studies, the words that appear in a single article were classified into three types, namely, words with
strong association, weak association, and insignificant words. Among these, the insignificant words refer to those
words with no substantial meaning, and they are equivalent to English words such as “the,” “be,” and more. In our
system, we also classify words according to their occurrence frequency. First, those words among the collected text
data that occur fewer than ten times are considered as words with insignificant association to the theme, and are
eliminated. These include Kanji conversion errors, words strongly associated with specific industries, and words
which form part of a proper noun. The rest of the words are then classified into three approximately equal groups
based on occurrence frequency.
Of these, the group of words with the greatest number of occurrences is likely to include words with an extremely
strong association degree to the theme, or insignificant words. Furthermore, the group of words with extremely few
occurrences contains words with a particularly weak association to the theme, and it is also the cause for the occurrence
of several clusters with as few as two or three elements when performing the cluster analysis described later. Hence,
the group of words with a moderate number of occurrences is used create the hint database. In this paper, 48 words
with an occurrence frequency between 20 and 40, which corresponds to the middle 30%, are used.
The hierarchical cluster analysis method is used in this study to analyze the relationship that exists among the
extracted words. A combination of words that closely resemble the occurrence pattern is extracted through hierarchical
cluster analysis. The occurrence pattern is determined using the degree of word co-occurrence. Words that appear
often in a single sentence are classified into the same cluster. In addition, with respect to the words divided into
clusters, if the essential substance of a word is far from the intention of the original idea, it is considered superfluous
and it is deleted. Body parts such as arms, head, mouth, and more, and numerals, often used in idiomatic expressions,
are examples of superfluous words.
3.3. Presenting hint words
The idea input by a user is divided into words through MeCab that is Japanese morphological analysis. The hint
database is then searched for each of the words isolated thus. If a word exists in the hint database, it is recorded as a
word that already occurred.
When presenting a hint, the cluster from which the word is presented is first determined. Because words that have
occurred in the ideas already input by a user are recorded in the database, the occurrence rate of the recorded words
can be calculated for each cluster. For example, if two words in a cluster of five have already occurred, the rate of
occurrence is 0.4. In the proposed method, the word from the cluster of words with the lowest rate of occurrence is
presented as a hint. The words that have occurred in the idea already input are not presented as hints. Furthermore,
the cluster to which the user’s most recently selected hint belongs is also recorded, and hence words from this cluster
are not shown at the time of the next hint presentation. It is also possible to return to the idea input screen without
selecting a hint.
2 Koichi Higuchi:KH Corder <http://khc.sourceforge.net/en/>
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Table 1. The diﬀerence of the experimental conditions.
Item Previous experiment. This experiment.
Participants Twenty college students Six college students
Theme Seeking employment Ideal marriage partner
Hint presentation function used used
Test duration 30 minutes 30 minutes
4. Application experiment and discussion
4.1. Experiment overview
We performed an experiment in order to compare how the diﬀerence of the hint database aﬀect the results. As a
future work on the previous paper, we denoted that we should validate the classification method of the words from
the associated texts in building the hint database. In the previous experiment, the idea generation theme was “seeking
employment (prospects).” In this paper, the theme is “Ideal marriage partner” and we created the hint database based
on the postings to matchmaking portal sites that are opened on the web. We verify whether we obtain similar results
using this hint database.
The subjects for the experiment were six college students - four males and two females. Although the students had
practiced thinking methods on several occasions, they were not skilled to the extent of being able to lead a discussion.
The subjects were given 30 minutes during which they were asked to think of ideas for a theme on “Ideal marriage
partner.” An experiment that used the hint presentation function. At the end of the experiment, the hint presentation
function, system ease of use, and the ideas generated were evaluated through a questionnaire with evaluations of 1 to
5, with 1 being “strongly disagree” and 5 being “strongly agree.”. The diﬀerence of the experimental conditions are
shown in Table 1.
4.2. Experiment results
Fig.4 shows the result of the hierarchical cluster analysis for the text data about the theme obtained from web
sites. The English words on the left side of Fig.4 are the nouns that have been translated from the Japanese. From the
hierarchical cluster analysis, we obtain seven clusters. We discuss the result on the experiment using this hint database
in light of the previous experiment.
The average number of ideas obtained with the hint presentation function is 50.0 and the standard deviation is 16.7
in the previous experiment. Looking at the number of ideas by considering the job hunting experience separately,
each average number of ideas increased compared with the case of not using the hint presentation function in all three
groups for those with no job seeking experience, those in the process of seeking jobs, and those with a job oﬀer.
In addition, the result of conducting a t-test on the group with the hint presentation function and the group without
it shows that p < .01, and a significant diﬀerence is observed. Therefore, the use of the proposed system can be
considered to have increased the number of ideas.
Secondly, we compare the result of this experiments and previous experiments with respect to fluency. The average
number of ideas obtained in this experiment is 35.5 and the standard deviation is 10.8. The average number decreased
compared to the previous experiments however the result of conducting Mann-Whitney U-Test showed that p > .05,
and no significant diﬀerence between the conditions. Variance was tested in the two cases. According to the results of
the F-test, when the rejection region is set to 5and the F value is not exceeded at F boundary value 4.57. This shows
that there is not a diﬀerence between the variance of the two groups.
The results of subjects’ responses to our questionnaire are listed in Table 2. The row of the “prev.” in Table 2 show
the result of the previous experiment, and the row of the“this”mean the result of this experiment. At the previous
experiment, we considered the hypothesis “the proposed system helps to increase the number of ideas.” Questionnaire
items (ii) had a median of 3.5 and norms of 3 and 4 on this experiment and the pattern did not diﬀer from the result of
the previous experiment. The questionnaire results revealed that the hint presentation function did not prompt a novel
idea; however, the subjects felt that they could present ideas presumably associated to some type of opinion suggested
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Table 2. The questionnaire result.
Questionnaire item Value Median Norm1 2 3 4 5
(i) Presenting hints helped to association of ideas. prev. 0 0 1 9 14 5 5
this. 0 0 2 3 1 4.0 4
(ii) I could post ideas that I didn’t think of without a hint. prev. 0 2 7 6 5 4 3
this. 0 1 2 2 1 3.5 3, 4
(iii) I didn’t feel the burden the operation to request hints. prev. 0 1 3 8 8 4 4, 5
this. 0 1 1 3 1 4.0 4
(iv) I could easily enter ideas to the system. prev. 0 0 1 3 16 5 5
this. 0 0 1 4 1 4.0 4
to them by a person familiar with the theme. As shown in Table 2, the values for ease of operation (iii) and (iv) were
high. Several participants felt that the task of registering the ideas did not burden idea presentation.
In this experiment, we mainly investigated the interface and the participants’ subjective assessment. As a future
step, we should perform experiments with more participants and evaluate the flexibility and the quality of ideas.
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5. Conclusion
In this paper, we propose an idea generation support system for scarce knowledge people by presenting hint words
with a low degree of co-occurrence with those words included in the ideas presented by users. The system previously
collects web texts related to the theme and classifies words into some clusters by hierarchical cluster analysis and
makes hint database. The system provide hints based on the hint database by request from users.
We performed an experiment to investigate whether there were diﬀerences in the result by themes. The theme of the
previous experiment is “seeking employment (prospects)” and the theme of this paper experiment is “Ideal marriage
partner.” As the result, we didn’t obtain diﬀerent tendencies between themes. In future work, we plan verification test
of the validity of the classification method in setup of hint database by comparing the number of ideas or the diversity
of ideas.
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